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ABSTRACT 



The present invention provides a method and apparatus for 
regulating the transmission powder of a transmitter generat- 
ing a CDMA signal. The CDMA signal is transported over 
a main channel which includes a plurality of sub-channels, 
each sub-channel associated with a particular sub-signal of 
the CDMA signal. The apparatus includes primarily an SNR 
estimator fimctional bloc and a logical functional bloc. The 
SNR estimator functional block receives as input the sub- 
signals and is responsible for commuting an estimate of the 
ratio of the total signal energy in the sub-signak to the total 
noise energy in the sub-signals. The logical functional bloc 
generates a control signal in dependence of the SNR esti- 
mation computed by the SNR estimation functional bloc. 
This control signal is sent back to the transmitter generating 
the CDMA signal, and is indicative of either a power-up or 
power-down command for regulating the transmission 
power of the transmitter. 

16 Claims, 3 Drawing Sheets 
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METHOD AND APPARATUS FOR SIGNAL station or cell site) in the form of reverse power control bits. 

TO NOISE POWER RATIO ESTIMATION IN These occur in pseudo-random positions in each 1.25 ms 

A MULTI SUB-CHANNEL CDMA RECEIVER interval (Power Control group or PWC), or 16 times per 

frame, as per the Air Interface Standard IS-95 and the 

5 CDMA2000 Standard. Each power control bit is interpreted 

FIELD OF THE INVENTION as a command to raise or lower power by a predetermined 

The present invention relates to the field of wireless increment. Each base station makes power control decisions 

communications, more particularly to a method and appa- mdepcndenUy for each mobile. The mobile station is respon- 

ratus for estimating signal to noise power ratio in a multi ^"^^^ demodulating the power control bits and raising or 

sub-channel CDMA receiver. The estimation may be lowenng its power accordingly. The goal of the power 

effected to control the transmitting power between base mamtam the reverse channel transmit power at 

station and mobiles lowest possible level commensurate with adequate error 

performance. 

BACKGROUND OF THE INVENTION One approach common to CDMA systems is the use of a 

CDMA (Code Division Multiple Access) is a digital air receiver for combining the information obtained from 

interface standard, employing a commercial adaptation of ^^^^^^^ resolvable multipath components in order to provide 

military spread-spectrum single-sideband technology. More ^ enhanced signal with better voice/data quality. The Rake 

specifically, it is a form of digital cellular phone service that receiver includes a bank of correlators, also referred to as 

is a spread-spectrum technology which assigns a code to all demodulators, each of which correlate to a particular mul- 

speech bits, sends scrambled transmission of the encoded ^ ^P^^*^ component of the desired signal. The correlator 

speech over the air, and reassembles the speech to its outputs, commonly referred to as the Rake channels or 

original format. In a CDMA system, each user is given a ^^S^^^' °^^y weighted according to their relative 

unique sequence (pseudo-random code) . This sequence strengths and summed to obtain a final signal estimate, 

identifies the user. For example, if user-A has sequence-a Obviously, it is important to accurately obtain an estima- 

and user-B has sequence-b, a receiver wanting to listen to ^ tion of the received signal to noise power ratio for proper 

user-A would use sequence-a to decode the wanted intelli- power control bit generation. In the current implementation 

gence It would then receive all the energy being transmitted of the Air Interface Standard IS-95 reverse channel (used for 

by user-A and disregard the power transmitted by user-B. receiving calls at the cell site from the mobiles), there is only 

Because system users are isolated by code, they can share one channel per user link. The reverse channel uses 64-ary 

the same carrier frequency, partially eliminating the fre- orthogonal modulation symbols, specifically Walsh func- 

quency reuse problem encountered by other cellular tions of order 64, and the SNR estimation is performed by 

systems, such as AMPS and DAMPS. processing the Walsh spectmm of the Rake output. There arc 

CDMA is an interference limited system. Although it has elements in the orthogonal demodulation output of the 

a soft capacity limit, each user is a noise source on the shared 35 ^^^^ receiver. By regarding the largest element as the signal 

channel and the noise contributed by users accumulates. contribution and the rest as being caused by noise and 

This creates a practical limit to how many users a system interference, one can obtain the SNR estimation at the Rake 

will sustain. Mobiles that transmit excessive power increase receiver output. 

interference to other mobiles. For CDMA, precise power Unfortunately, difficulties in efficient SNR estimation 
control of mobiles is critical in maximizing the system's ^ arise with the most recent CDMA systems, implemented in 
capacity and increasing battery life of the mobiles. The goal accordance with the third generation 3G IS-95 Air Interface 
is to keep each mobile at the absolute minimum power level Standard, whereby each charmel between one user and the 
that is necessary to ensure acceptable service quality. base station can have up to four integrated sub-channels, 
Ideally, the power received at the base station from each with their rates and relative power levels changeable. In 
mobile should be equal, resulting in the minimum signal to 45 addition, these channels use Binary Phase Shift Keying 
interference. If the power of each user with a cell is not (BPSK) modulation, a digital linear modulation technique, 
controlled such that they do not appear equal at the base as opposed to multi-ary orthogonal modulation. In the 3G 
station receiver, then the near-far problem occurs. This IS-95 wireless CDMA system, the pilot signal is used to 
problem occurs when many mobile users share the same perform coherent detection of the BPSX signal, and there is 
channel. In general, the strongest received mobile RF (Radio no longer the multi-ary output as in the IS-95 system. 
Frequency) signal will capture the demodulator at a base Thus, there exists a need in the industry to provide a 
station In CDMA, stronger received signal levels raise the method and apparatus for performing signal to noise power 
noise floor at the base station demodulators for the weaker ratio estimation in a multi sub-diannel CDMA receiver, 
signals, thereby decreasing the probability that weaker sig- 
nals will be received. 55 SUMMARY OF THE INVENTION 

Thus, in CDMA mobile systems, closed loop power In summary, the present invention provides a method and 

control is essential to maintain the received power level at an apparatus for generating a control signal that conveys an 

the base station or mobile station receivers. The receiver side estimation of the signal to noise power ratio (SNR) in a multi 

should perform an estimation of the received signal and sub -channel CDMA channel Such a channel can typically 

noise power level, and compare it with the Signal to Noise go be the reverse channel between a mobile transmitter and a 

Ratio (SNR) threshold. If the received SNR level is lower base station. The control signal can be used to regulate the 

than the threshold, a power-up command, typically a single powcr-up/powcr-down command sent by the base station to 

bit, is sent to the transmitter to increase the transmitting the mobile transmitter. 

power. Otherwise, a power-down command is sent to lower in a specific example, the apparatus is incorporated in a 
the transmitting power. 65 CDMA receiver. The estimated SNR conveyed by the con- 
Such a power control command is embedded in the trol signal is compared to a dynamic threshold set in 
forward CDMA channel (used for transmitting fi-om the base accordance with the Frame Error Rate (FER) measured at 
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the output of the receiver. A power oDatrol command is then 
determined based on the comparison. More specifically, if 
the SNR is higher than the threshold, a power-down com- 
mand is sent to the mobile transmitter. If the SNR is lower 
than the threshold, a power-up command is sent. 5 

Under this example, the SNR estimation needed for 
closed loop power control is implemented at the Rake 
receiver combiner output. The combiner performs complex 
maximum ratio combining of the Rake finger outputs, each 
weighed by the complex conjugate of the channel estimation 10 
from the pilot channel. The imaginary part of the output is 
due to the noise and thie estimation error. By averaging the 
squares of real and imaginary parts of the combiner outputs 
over one power control group and over all channels, the total 
received signal energy and noise power can be estimated. 15 
Since all the channels are considered, this novel method 
does not need to know the exact power allocations among all 
sub -channels, which might change due to adjustment or 
inaccuracy of the physical devices. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

ITiese and other features of the present invention will 
become apparent from the following detailed description 
considered in connection with the accompanying drawings. 25 
It is lo be understood, however, that the drawings are 
provided for purposes of illustration only and not as a 
definition of the boundaries of the invention, for which 
reference should be made to the appending claims. 

FIG. 1 is a block diagram of the basic structure of a base 30 
station receiver, in accordance with a most preferred 
embodiment of the present invention; 

FIG. 2 is a functional block diagram depicting the opera- 
tion of a demodulator, as shown in FIG. 1; 

FIG. 3 is a flowchart illiistrating the SNR estimation 
algorithm, as implemented by the SNR estimator functional 
block depicted in FIG. 1. 

DESCRIPTION OF A PREFERRED 

EMBODIMENT 40 

In a preferred embodiment of the present invention, the 
apparatus for estimating the SNR is implemented in a 
CDMA receiver of a base station. An example of the basic 
structure of this base station receiver is shown in FIG. 1. The 45 
baseband signal processing performed by the receiver 
includes demodulation, combination, channel separation, 
decoding and reverse channel closed loop power control bit 
generation. 

The input 134 to the Rake receiver corresponds to a signal 50 
received at the base station. This input is the reverse channel 
sent from the mobile transmitter, plus interference and noise. 
The signal over this channel is a BPSK modulated and 
quadra-phase spread signal, comprising both an in-phase 
component and a quadrature component. As BPSK modu- S5 
lation has been well documented and is well known to those 
skilled in the art, it will not be described in further detail. 
This signal 134 is fed into a bank of demodulators, in this 
ample demodulators 100, 102, 104 and 106 forming a Rake 
receiver. Note that the number of demodulators in a Rake 60 
receiver may vary. Each demodulator is responsible for 
performing coherent (synchronous) demodulation of its cor- 
responding BPSK signal multipath component Multipath 
and fading are common phenomena in mobile communica- 
tion channels, where miiltiple transmission paths produce 65 
multiple delayed and faded versions of a transmitted signal 
at the receiver, due to principles such as reflection and 
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scattering. The purpose of the Rake receiver is to combine 
these independently faded versions of the transmitted signal 
to achieve diversity combining, in other words a better 
signal to noise ratio. 

The reverse channel 134 is formed of a plurality of 
sub -channels, ■ each sub-channel transporting a particular 
data stream. In a specific example, four types of sub- 
channels are present, namely the Fundamental sub-channel, 
the Supplemental sub-channel, the Control sub -channel and 
the Pilot sub-chaimel. While the Supplemental sub-channel 
is typically used to carry data traffic of dififerent rates, the 
Fundamental sub-channel is typically used for voice traffic. 
The Control sub-channel is for conveying control commands 
and information. The Pilot sub-channel is necessary for each 
mobile user, in order for the base station receiver to be able 
to estimate the phase and amplitude distortions experienced 
by the signal during transmission from the mobile station to 
the receiver over the physical channel. 

FIG. 2 is a functional block diagram depicting the opera- 
tion of a single demodulator, of the bank of demodulators 
100, 102, 104 and 106 shown in FIG. 1. Each demodulator 
first performs de-spreading by multiplying the received 
signal with local replicas of the long and short FN spreading 
codes, then performs channel separation by multiplying the 
de-spread output with mutual-orthogonal Walsh codes. The 
symbol accumulation units 200, 202 and 204 accumulate 
symbols within one Walsh waveform, and their outputs are 
buffered by buffer units 206, 208 and 210 while waiting for 
the channel estimate to be ready. When the channel estima- 
tion is generated by the channel estimator unit 212, its 
complex conjugate is multiplied to each sub-channel output. 
The output of the Pilot sub -channel is actually the channel 
estimator unit 212 output multiplied by its complex 
conjugate, and is used purely for SNR estimation purposes, 
to be described below. 

The finger outputs 142, 144, 146 and 148 of the Rake 
receiver demodulators are supplied to a combiner functional 
block 108. As per the above description of the operation 
performed by the demodulators, each demodulator finger 
output is composed of up to four complex values, each value 
corresponding to die weighted signal of a given sub-channel. 
The combiner 108 is responsible simply for adding the 
complex values received from all four demodulator finger 
outputs on a per sub-channel basis, so as to output four 
complex values, each one representative of a particular 
sub-channel signal. Structurally speaking, the combiner 108 
is formed of four adders, one for each sub-channel. 
Specifically, the combiner 108 outputs the Fundamental 150, 
Supplemental 152, Control 154 and Pilot 156 sub-channel 
complex values. 

The combiner output 156 of the Pilot sub-channel is 
purely for SNR estimation purposes, used for reverse chan- 
nel closed loop power control, to be described below. 

Combiner 108 outputs 150, 152 and 154 are each fed into 
an extractor functional block, respectively blocks 110, 112 
and 114. These blocks are responsible for extracting the Real 
component (Re{ }) from a complex value, in order to allow 
for further signal processing. The Imaginary (Im{ }) com- 
ponent of the complex value is used strictly for implement- 
ing closed-loop power control, as will be described below. 
The Real values for each of the three sub-channels are then 
passed on from the extractor functional blocks 110, 112 and 
114 to decoders 116, 118 and 120, respectively. The structure 
and operation of the extractor functional blocks HO, 112 and 
114 are known to those skilled in the art and no further 
details are necessary. 
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The fuDction of an individual decoder is to estimate the 
encoded input signal using a rule or method that results in 
the minimum number of errors. In a specific example, the 
decoder functional blocks 116, 118 and 120 first perform 
de-interleaving, followed by serial Viterbi decoding. In the 5 
case of the Fundamental sub-channel signal, rate detection is 
also performed by decoder functional block 116 prior to 
signal decoding Although there are a number of techniques 
for decoding convolutional codes, the Viterbi algorithm 
which is perhaps the most popular, performs maximum lO 
likelihood decoding of convolutional codes. The technique 
of signal de-interleaving and the Viterbi algorithm will not 
be described in further detail as both are well known to those 
skilled in the art, and neither is critical to the success of the 
present invention. The outputs from the decoder functional 15 
blocks 116, 118 and 120 correspond to the decoded signals 
originally sent from the transmitter (ix. mobile user), 
respectively the Fundamental signal 136, the Supplemental 
signal 138 and the Control signal 140. 

A Frame Error Rate (FER) measurer functional block 128 20 
receives as input the decoded information bits of the Fun- 
damental 136, Supplemental 138 and Control 140 signals. 
The FER measurer block 128 is responsible for measuring 
the performance of the base station receiver, specifically 
checking each frame of bits to determine whether the frame ^5 
is error free or not. Note that different weighting factors can 
be applied to different sub-channel signals in order to reflect 
the priority in sub-channel performance at the base station 
receiver. The measurement performed by the FER measurer 
block 128 is defined by the following ratio: ^0 



FER^ 



# of frames in error 
total # of frames received 



35 

The measured FER value is passed from the FER mea- 
surer block 128 to a threshold updater functional block 130, 
responsible for setting and updating the SNR threshold 
necessary to the generation of the power control bit. This 
SNR threshold is initially set at a particular starting point, 40 
itself associated with a particular FER. During the update 
process, if the FER received from the FER measurer block 
128 is different than the FER value associated with the 
starting point SNR threshold, iteration is used to modify the 
SNR threshold to an appropriate value. This update process 45 
is based on the assumption that the relationship between the 
SNR threshold and the FER is not fixed. As both the FER 
measurer functional block 128 and the SNR threshold 
updater functional block 130 are well known to those skilled 
in the art, they will not be described in further detail. Note 50 
that in a most preferred embodiment of the present 
invention, fimctional blocks 128 and 130 are both imple- 
mented external to the CDMA receiver, however, in an 
alternative embodiment, they could also be implemented as 
internal modem components. 55 

The signal processing functional block 122, internal to the 
CDMA receiver, is responsible for SNR estimation as well 
as for power control bit generation. The block 122 receives 
as inputs the four complex values 150, 152, 154 and 156 
from the combiner 108, and comprises an SNR estimator 60 
functional block 124 and a logical functional block 160. The 
logical functional block 160 itself includes a comparator 126 
and a power control bit generator 132. The SNR estimator 
functional block 124 includes means for processing the 
complex values received from the combiner 108, such as an 65 
extractor functional block, so as to separate these values into 
real and imaginary parts. The real parts are used to compute 



an estimate of the total signal energy in the sub-channels, 
while the imaginary parts are used to compute an estimate of 
the total noise energy in the sub-channels, as will be 
described in further detail below. Thus, the SNR estimator 
functional block 124 performs an estimation of the total 
SNR captured by the base station receiver, given the four 
sub-channels, each with changeable rates and relative power 
levels. The SNR estimation is defined by the following 
equation: 

where E^ represents the total signal chip energy and 
represents the interference and noise power spectrum den- 
sity. This SNR estimation value is implemented by a par- 
ticular algorithm, to be described in further detail below. The 
output of the SNR estimator functional block 124 is a signal 
that conveys the estimated SNR value. 

The logical functional block 160 is responsible for gen- 
erating a control signal for regulating the transmission 
power of the transmitter generating the CDMAsignal, in this 
example the mobile, in dependence of the SNR estimation 
computed by the SNR estimator functional block 124. The 
comparator 126 receives as inputs the signal from the SNR 
estimator functional block 124 conveying the SNR estima- 
tion value and the updated SNR threshold value from the 
SNR threshold updater functional block 130. The SNR 
estimation value is compared to the SNR threshold value. If 
the SNR estimation value is lower than the SNR threshold 
value, an Increase control signal is generated by the com- 
parator 126 and sent to the power control bit generator 132. 
If the SNR estimation value is higher than the SNR threshold 
value, a Decrease control signal is generated by the com- 
parator 126 and sent to the power control bit generator 132. 

The power control bit generator 132 is responsible for 
generating a power control command and sending it over the 
output 158 to the transmitter, in dependence of the message 
received from the comparator 126. The power control com- 
mand is typically a single bit. In a specific example, the 
power control command bit will be cleared to 0 when an 
Increase control signal is received from the comparator 126, 
indicating that an increase in transmitting power is required 
of the transmitter. Otherwise, when a Decrease control 
signal is received from the comparator 126, the power 
control command bit will be set to 1, indicating that a 
decrease in transmitting power is required of the transmitter. 

The SNR estimator functional block 124 uses the four 
sub -channel complex values output from the Rake combiner 
108 to estimate the SNR, by implementing a particular 
algorithm This algorithm is independent of the power allo- 
cation ratios of sub-channels, necessary to overcome the 
issue of changeable relative power levels for each sub- 
channel which cause these ratios to be modified with time. 
FIG. 3 is a flowchart of the SNR estimation algorithm 
implemented by the SNR estimator functional block 124. 
The foUowing is a step by step description of the algorithm, 
in relation to each of the flowchart elements shown in FIG. 
3. 

300. InitiaUzation/Reset 

The first step in the algorithm is the initialization of two 
arrays R[channel] and I[channel] to 0, where channel is a 
four-value vector given by channel^ {Fundamental, 
Supplemental, Control, Pilot}. For example: 

P[ FlindameiitaI]-R[Supplemental]-/![ Coiitrol]-/i[Pilo t^O 

302. Rake Output? 

The Rake receiver will provide output at coded bit rates 
of the Fundamental, Supplemental and Control sub- 
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channels, as well as at the unmodulated estimation rate of 
the Pilot sub-channel. A coded bit rate results from channel 
encoding, before spreading, and is always lower than the 
chip rate, which is the rate of the FN sequence or spread 
signal, and consequently the highest possible rate of signal. 5 
Assuming that the Rake output is checked at the chip rate, 
and given that the coded bit rates may all be different, new 
data may not necessarily be present at aU of the combiner 
108 outputs at aU chip instances. Rather, the presence of new 
data will vary between the combiner outputs, with the lo 
possibility of there being no new data at all for a certain chip 
instance. Therefore, die SNR estimator functional block 124 
needs to be informed when there is new data at any one of 
the combiner 108 outputs 150, 142, 154 and 156, and a 
variety of methods may be used for doing so. In a most 15 
preferred embodiment, the SNR estimator functional block 
124 performs self-calculation, based on the knowledge of 
the fixed rate associated with each sub-channel, in order to 
determine when new data is available at a particular com- 
biner 108 output. Alternatively, the combiner 108 can inform 20 
the SNR estimator functional block 124 by interrupt of the 
availability of new data, the interrupt message including an 
indication of the particular combiner output having new 
data. In another alternative, the SNR estimator functional 
block 124 can periodically poU the different combiner 108 25 
outputs in order to check for new data. 
304. Pilot Channel 

If the new data at the combiner 108 output is from the 
Pilot sub-channel, it is used to set the total multipath energy 
value received by the base station receiver. This multipath 30 
energy value is the real component of the Pilot sub-channel 
complex value 156, denoted as MIPSUM and defined by the 
following equation: 



35 



40 



8 



output from the combiner 108, returning to step 302 above. 
Once the end of a PWC group is reached, the signal and 
noise power estimation is calculated as per the following 
equations. 

312. For Channel={ Fundamental, Supplemental, Control}; 

/i[chaimeiy-P<?[ channel ] *PGlcha onel]* Number_channe]_out- 
puts_per_PWCgroup 

/[ channeiy-FGl cha nnel]* Nuinber_chfln nfil_outputs_per__PWC- 
group 

where PG[ channel] is the processing gain for the channel, a 
three-value vector where each value is specific to a particu- 
lar sub-channel, as defined by the following equation: 



PC[channeI] = 



chip rate 



d ata_Fatc[ch2inncI] 



M[PSUM=/te(Ratc_pilot_output) 

If, on the other hand, the new data at the combiner 108 
output is from one of the other three sub -channels, the signal 
energy is calculated and normalized, and is added to the R 
and I arrays, indexed for that specific sub-channel, as 
defined below: 

/?[channel}+^(Rake_channel_output)*i?e(Rake_channel_out- 
put)/MIPSUM 

/[chaimel]+-/m(Rake_channel_oatput) */m(Rake_channel__out- ^ c 
pm)/MIPSUM 

In a specific example, assume the new data is from the 
Central sub-channel 152. The above two equations become: 



The chip rate is the rate of the PN sequence, as defined 
above, while data_rate[channel] is a three-value vector, 
each value representative of the coded bit rate of a specific 
sub-channel after chaimel encoding. Taking for example the 
case where the chip rate is 3.6864 MHz, the Supplemental 
sub-channel has a coded bit rate of 460.8 kbps, the Funda- 
mental sub-channel has a coded bit rate of 9.6 kbps and the 
Control sub-channel has a coded bit rate of 4.8 kbps, we see: 

/*(7[chamiell=iX7[ Supplemental, Fundamental, Co atrolH 8,384. 
768] 

The variable Number_channel_outputs_per_PWCgroup 
corresponds to the number of Rake outputs in one power 
control group for a specific sub-charmel. For example, when 
a power control group is 1.25 ms for a Supplemental 
sub-channel with a coded bit rate of 460.8 kbps, a Funda- 
mental sub-channel with a coded bit rate of 9.6 kbps and a 
Control sub-channel with a coded bit rate of 4,8 kbps, this 
variable becomes, for each sub -channel: 

Number_Supplemental_outputs_per_PWCgroup= 
1.25*460.8=576 

Number_FundamentaLoutputs_per_PWCgroup- 
1.25*9.6-12 

Number^Control_outputs_per_PWCgroupo 
1.25*4.8=6 

314, The noise and interference L is calculated as: 



2- /[channel] 



su^ehatmr 1 1- pilot 



/iIcontrol>R/?e(Rake_oonttol„output)«/Je(Rake_control_out- 50 The signal energy is calculated as: 
put)/MIPSUM 

£, = y /f [channel] - x7:-7^ 

' ^ ^ ^ 2PC[channeI] 



/[co ntro l}f -/m(Rakc_contro Loutput) */m(Rakc_co ntroLoutput)/ 



MIPSUM 



310. End of PWC Group 

The SNR estimator functional block 124 next checks for 
the end of a Power Control (PWC) group. Each frame of data 
being transmitted is divided into 16 PWC groups, where a 
PWC group is a collection of data which is controlled 
together. Known to the SNR estimator functional block 124 
is the number of sub-chaimel outputs associated with a 
particular PWC group, for example 576 Supplemental 
outputs, 12 Fundamental outputs and 6 Control outputs. 
Therefore, a simple counting process is performed by the 
SNR estimator functional block 124 in order to determine 
the end of a PWC group, if not at the end of a PWC group, 
the SNR estimator functional block 124 will wait for fiirther 



where ch is the number of sub-channels per channel, includ- 
ing the Pilot sub-charmel. The first summation, for calcu- 
lating I^, is performed over all sub-channels except the Pilot 
sub -channel. The second summation, for calculating E^, is 

60 performed over all sub-channels. Finally, the signal to noise 
ratio is estimated to be SNR=E^^. The estimation produced 
by the above described algorithm avoids any inaccuracy due 
to changeable sub -channel relative power levels, critical as 
the control power bit generation by the base station receiver 

65 is dependent on an accurate estimation. 

The SNR estimator functional block 124 sends the SNR 
estimation to the comparator 126, where it is used to 
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determine the power control bit, as described above. As the 
S>JR at the base station receiver is continuously changing, 
the measurement algorithm implemented by the SNR esti- 
mator functional block 124 repeats itself. This is shown in 
FIG. 3, where step 316 is succeeded by step 300. 5 
. Although the present invention has been described in 
considerable detail with reference to certain preferred 
embodiments thereof, variations and refinements are pos- 
sible without departing from the spirit of the invention as 
have been described throughout the document. Therefore, lo 
the scope of the invention should be limited only by the 
appended claims and their equivalents. 
I claim: 

1. An apparatus for generating a control signal suitable to 
regulate a transmission power of a transmitter generating a 15 
CDMA signal transported in a main channel including a 
plurality of sub-signals transported in respective subchan- 
nels of the main channel, said apparatus including: 

a plurality of demodulators that receive the CDMAsignal, 
wherein each demodulator despreads the CDMAsignal 20 
to produce a despread CDMA signal, wherein each 
demodulator covers the despread CDMAsignal with a 
plurality of Walsh codes respective to the subchannels, 
and wherein each demodulator produces a plurality of 
demodulator outputs, wherein each demodulator output 25 
respective to one of the plurality of sub-signals, and 
wherein each of the plurality of demodulators includes: 
a despreader that despreads the CDMA signal based 

upon at least one of a long code and a short code to 

produce the despread CDMA signal; 
a plm:ality of naultipliers each of which mixes the 

despread CDMA signal with the plurality of Walsh 

codes corresponding to the plurality of subchannels; 

and 

a plurality of symbol accumulators, each of which ^5 
couples to an output of a respective multiplier and 
produces a respective demodulator output; 

a combiner functional block that receives the plurality of 
demodulator outputs from the plurality of demodula- 
tors and combines the plurality of demodulator outputs ^ 
to produce the plurality of sub-signals; 

an SNR estimator functional block operatively coupled to 
the combiner functional block for receiving the plural- 
ity of sub-signals, wherein the SNR estimator fimc- 
tional block computes an estimate of a ratio of a total 
signal energy in the plurality of sub^signals to a total 
noise energy in the plurality of sub-signals; and 

a logical functional block coupled to said SNR estimator 
functional block to generate at an output the control 
signal suitable to regulate the transmission power of the 
transmitter generating the CDMAsignal in dependence 
of the estimated ratio of a total signal energy in the 
plurality of sub -signals to a total noise energy in the 
plurality of sub-signals computed by said SNR estima- 
tor functional block. 

2. The apparatus of claim 1, further comprising: 

a Frame Error Rate (FER) Measurer operably coupled to 
the output of the combiner fxmctional block that deter- 
mines FERs corresponding to at least some of the go 
sub-signals and that produces a composite FER; and 

a threshold updater that produces a threshold based upon 
the composite FER that the logical functional block 
uses in generating the control signal. 

3. An apparatus as defined in claim 1, wherein the 65 
apparatus complies with at least one version of the IS -95 Air 
Interface Standard. 
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4. An apparatus as defined in claim 1, wherein each of the 
demodulators further includes: 

a channel estimator that receives the despread CDMA 
signal and that produces a channel estimate based upon 
the despread CDMA signal; 

a pluraUty of buffers, each of which couples to an output 
of a respective symbol accumulator; and 

a plurahty of complex multiphers, each of which receives 
an output of a respective buffer of the plurality of 
buffers and the channel estimate and produces a 
demodulator output respective to one of the plurality of 
sub-signals. 

5. The apparatus as defined in claim 1, wherein the logical 
functional block comprises: 

a comparator that compares the threshold to the ratio of 
the total signal energy in the plurality of sub-signals to 
the total noise energy in the plurality of sub-signals; 
and 

a power control bit generator operably coupled to an 
output of the comparator that produces a power control 
bit as the control signal based upon the output of the 
comparator. 

6. An apparatus as defined in claim 1, wherein: 

the CDMA signal is produced by a mobile terminal; 
the CDMA signal is received by a base station; and 
the control signal is produced by the base station, trans- 
mitted to the mobile terminal, and used for reverse link 
power control operations by the mobile terminal. 

7. An apparatus for generating a control signal suitable to 
regulate the transmission power of a transmitter generating 
a CDMAsignal that is transported in a main channel to the 
apparatus, the CDMA signal including a plurality of sub- 
signals transported in respective subchannels of the main 
channel, the apparatus including: 

a rake receiver that receives the CDMAsignal transported 
in the main channel, wherein the rake receiver includes 
a plurality of demodulators, each of which receives a 
multi-path component of the CDMAsignal and extracts 
respective sub-signal components of the plurality of 
sub-signals, wherein the each of the demodulators 
includes: 

a despreader that despreads the CDMA signal based 
upon at least one of a long code and a short code to 
produce a despread output; 

a plurality of multipliers that perform channel separa- 
tion by mixing the despread output with respective 
Walsh codes corresponding to the plurality of sub- 
signals; and 

a plurality of symbol accumulators, each of which 
couples to an output of a respective multiplier and 
accumulates the output of a respective multiplier to 
produce a respective sub-signal component of the 
plurality of sub -signals; 
a combiner operably coupled to the rake receiver to 
receive the respective sub-signal components of the 
plurality of sub-signals from the plurality of demodu- 
lators of the rake receiver, wherein the combiner com- 
bines the respective sub-signal components of each 
sub-signal of the plurality of sub-signals to produce the 
plurality of sub-signals; 
an SNR estimator operatively coupled to the combiner, 
wherein the SNR estimator computes an estimate of a 
ratio of a total signal energy in the plurality of sub- 
signals to a total noise energy in the plurality of 
sub-signals; 
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a logical functional block operably coupled to the SNR 
estimator, wherein the logical functional block gener- 
ates the control signal suitable to regulate the transmis- 
sion power of the transmitter generating the CDMA 
signal based upon the ratio of the total signal energy in 5 
the plurahty of sub-signals to the total noise energy in 
the plurality of sub -signals computed by the SNR 
estimator functional block. 

8. An apparatus as defined in claim 7, wherein the 
apparatus complies with at least oue version of the IS-95 Air lo 
Interface Standard. 

9. An apparatus as defined in claim 7, wherein each of the 
demodulators further includes: 

a channel estimator that receives the despread signal and 
that produces a channel estimate based upon the ^5 
despread signal; 

a plurahty of buffers, each of which couples to an output 
of a respective symbol accumulator; and 

a plurahty of complex multipUers, each of which receives ^ 
an output of a respective biififer and the channel esti- 
mate and produces a respective sub-signal component 
of the plurahty of sub-signal components of the plu- 
rality of sub-signals. 

10. An apparatus as defined in claim 7, further compris 
ing: 

a plurahty of decoders operably coupled to the combiner, 
each of which receives a respective sub-signal from the 
combiner and extracts data corresponding to the respec- 
tive sub-signal; 3q 

a Frame Error Rate (FER) Measxirer operably coupled to 
the plurality of decoders that determines FERs corre- 
sponding to at least some of the plurality of sub-signals 
based upon data received from the plurahty of decoders 
and that produces a composite FER based thereupon; 35 
and 

a threshold updater operably coupled to the FER Mea- 
surer that produces a threshold based upon the com- 
posite FER that the logical functional block uses in 
generating the control signal 40 

11. An apparatus as defined in claim 10, wherein the 
logical functional block comprises: 

a comparator that compares the threshold to the ratio of 
the total signal energy in the plurahty of sub-signals to 
the total noise energy in the plurahty of sub-signals; 
and 

a power control bit generator that produces a power 
control bit as the control signal based upon an output of 
the comparator. 

12. An apparatus as defined in claim 7, wherein: 
the CDMA signal is produced by a mobile terminal; 
the CDMA signal is received by a base station; and 
the control signal is produced by the base station, trans- 
mitted to the mobile terminal, and used for reverse hnk ^5 
power control operations by the mobile terminal. 
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13. A method for generating a control signal suitable to 
regulate the transmission power of a transmitter generating 
a CDMA signal that is transported and received in a main 
channel, the CDMA signal including a plurality of sub- 
signals transported in respective subchannels of the main 
channel, the method comprising the steps of: 

receiving a plurality of a multi-path components of the 

CDMA signal; 
for at least some of the multi-path components of the 

CDMA signal: 

a despreader despreading the multi-path component of 
the CDMA signal based upon at least one of a long 
code and a short code to produce a despread output; 

a plurality of multipliers separately mixing the 
despread output with a plurality of Walsh codes 
respective to the sub-signals to produce sub-signal 
components of the plurahty of sub^ignals corre- 
sponding to the multi-path component of the CDMA 
signal; and 

a plurahty of symbol accimiulators accumulating the 
sub-signal components of the plurahty of sub- 
signals; 

combining accumulated subnsignal components of the 
plurality of sub-signals to produce the plurahty of 
sub-signals; 

computing an estimate of a ratio of a total signal energy 
in the plurahty of sub-signals to a total noise energy in 
the plurahty of sub-signals; and 

generating the control signal suitable to regulate the 
transmission power of the transmitter generating the 
CDMA signal based upon the computed estimated ratio 
of a total signal energy in the plurality of sub-signals to 
a total noise energy in the plurality of sub-signals. 

14. A method as defined in claim 13, further comprising: 
producing a channel estimate based upon the despread 

output; and 

producing the plurality of sub-signals based upon the 
channel estiiqate. 

15. A method as defined in claim 13, further comprising: 
extracting data from each of the sub -signals; 
determining a Frame Error Rate (FER) for at least some 

of the plurality of sub-signals; 
determining a conipositc FER based upon the FER for the 

at least some of the plurality of sub-signals; and 
producing a threshold based upon the composite FER; and 
using the threshold to generate the control signal. 

16. A method as defined in claim 13, wherein: 

the CDMA signal is produced by a mobile terminal; 
the CDMA signal is received by a base station; and 
the control signal is produced by the base station, trans- 
mitted to the mobile terminal, and used for reverse hnk 
power control operations by the mobile terminal. 
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